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(54) Diode device and transistor device 

(57) A semiconductor device having improved 
breakdown voltage is provided. A diode device of the 
present invention includes relay diffusion layers provid- 
ed between guard ring portions. Therefore, a depletion 
layer expanded outward from the guard ring portions ex- 
cept the outermost one reaches these relay diffusion 



layers, and then the outer guard ring portions. The width 
of the distance between the guard ring portions is short- 
er where the relay diffusion layers are provided. For the 
width of the relay diffusion layers, the depletion layer 
reaches the outer guard ring portions with a lower volt- 
age than the conventional structure. 



Fig. I 



CN3 

< 

09 
CO 
CN3 



CO 

a, 

UJ 




27 4 27 3 27 2 27, 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 341 238 A2 



1 

Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to semiconduc- 
tor devices such as diode and transistor, and more par- 
ticularly, to a semiconductor device having semiconduc- 
tor crystal epitaxially grown in narrow grooves. 

2. Description of the Related Art 

[0002] Fig. 17 is a plan view of a conventional diode 
device 101, and Fig. 18 is a sectional view taken along 
the line P-P in Fig. 17. For the ease of illustration, Fig. 
17 does not show a thermal oxide film, a PSG film, and 
an anode electrode that will be described later. 
[0003] The diode device 101 has an N-type silicon 
substrate 111. An N-type epitaxial layer 112 is formed 
on the surface of the silicon substrate 111. 
[0004] The surface of the epitaxial layer 1 1 2 is provid- 
ed with ring-shaped holes and oblong holes in plane 
view. Herein, three ring-shaped holes and three oblong 
holes are provided. The ring-shaped holes are arranged 
concentrically at predetermined intervals, and the ob- 
long holes are arranged within the inner circumference 
of the ring of the innermost ring-shaped hole. 
[0005] A semiconductor layer formed by epitaxial 
growth and containing a P-type impurity is filled within 
the ring-shaped holes and oblong holes. The oblong 
holes filled with the semiconductor layer form withstand- 
ing voltage portions 125! to 125 3 , and the ring-shaped 
holes filled with the semiconductor layer form guard ring 
portions 127, to 127 3 . 

[0006] A thermal oxide film 114 and a PSG film 115 
are formed in that order on the surface of the epitaxial 
layer 112 including inner surface of holes. An anode 
electrode 1 1 8 of a thin metal film is arranged on the PSG 
film 115. The thermal oxide film 114 and the PSG film 
115 are provided with an opening in identical positions. 
The edge of the opening is denoted by the broken line 
162a in Fig. 17. The epitaxial layer 112, the withstanding 
voltage portions 125! to 125 3 , and the innermost guard 
ring portion 127 t are exposed at the bottom of the open- 
ing. These exposed parts are in contact with the bottom 
of the anode electrode 118. The part of the anode elec- 
trode 118 in contact with the epitaxial layer 112 form 
Schottky junction portions 131. The part of the anode 
electrode 118 in contact with the withstanding voltage 
portions 125 A to 125 3 and the innermost guard ring por- 
tion 127! form ohmic junction portions 130! to 130 3 . 
[0007] In the above-described diode device 101, 
when a negative voltage for the anode electrode 118 is 
applied to a cathode electrode 119, the Schottky junc- 
tion portions 131 between the anode electrode 118 and 
the epitaxial layer 112 are forward biased, which allows 
current to flow from the anode electrode 1 1 8 to the cath- 



ode electrode 119. 

[0008] Conversely, when a positive voltage for the an- 
ode electrode 118 is applied to the cathode electrode 
119, the Schottky junction portions 131 between the an- 

5 ode electrode 118 and the epitaxial layer 112, and the 
PN junctions between the withstanding voltage portions 
125! to 1 25 3 an d the innermost guard ring portion 127 t 
and the epitaxial layer 112 are reverse biased, and cur- 
rent is kept from flowing. In this state, a depletion layer 

10 is expanded horizontally from the PN junctions toward 
the epitaxial layer 112. 

[0009] As the depletion layer expands, the epitaxial 
layer 112 positioned between the innermost guard ring 
portion 127! and the withstanding voltage portions 125! 

15 to 125 3 and between the guard ring portions 127 n and 
1 27 n+1 adjacent to each other is entirely depleted. At the 
same time, the guard ring portions 127 t to 127 3 and the 
withstanding voltage portions 125! to 125 3 ar e all de- 
pleted inside, in other words, the part within the inner 

^0 circumference of the ring of the outermost guard ring 
portion 127 3 is entirely depleted. Electric field concen- 
tration that would occur in an area without a depletion 
layer does not occur, so that the breakdown voltage im- 
proves. 

25 [0010] However, in the conventional diode device, 
breakdown occurs before the part within the inner cir- 
cumference of the ring of the outermost guard ring por- 
tion 127 3 is entirely depleted. 

30 SUMMARY OF THE INVENTION 

[0011] The invention is directed to a solution to the 
above-described disadvantage associated with the con- 
ventional device, and it is an object of the invention to 

35 provide a high breakdown voltage diode device. 

[0012] In order to solve the above-described object, 
the present invention provides a diode device including 
a semiconductor layer of a first conductivity type having 
a plurality of holes, the holes including ring-shaped 

40 holes and main holes provided in an inner circumferen- 
tial region of the ring-shaped holes, a filler made of a 
semiconductor of a second conductivity type filled within 
the holes, and an electrode film of a material forming a 
Schottky junction with the semiconductor layer and an 

45 ohmic junction with the filler. In the device, among the 
ring-shaped holes, concentrically provided ring-shaped 
holes and the filler filled in these holes form a plurality 
of guard ring portions, the main holes provided in the 
inner circumferential region of the ring-shaped holes 

50 and the filler filled within the main holes form withstand- 
ing voltage portions, the electrode film is at least in con- 
tact with a surface of the semiconductor layer positioned 
within the inner circumference of the ring of the inner- 
most guard ring portion and a surface of the filler in the 

55 withstanding voltage portions positioned within the inner 
circumference of the ring of the innermost guard ring 
portion, and a relay diffusion layer of the second con- 
ductivity type in a depth shallower than a bottom of the 
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ring-shaped holes is provided at the surface within the 
semiconductor layer positioned between the guard ring 
portions, and the relay diffusion layer is not in contact 
with at least one of the two guard ring portions adjacent 
to each other. 

[0013] According to the invention, in the above-de- 
scribed diode device, the relay diffusion layer in a width- 
wise direction of the ring of the guard ring portion is 
shorter than a distance between the guard ring portions 
adjacent to each other. 

[0014] According to the invention, in the above-de- 
scribed diode device, the electrode film is provided in 
contact with an innermost guard ring portion among said 
guard ring portions. 

[0015] According to the invention, in the above-de- 
scribed diode device, the electrode film is kept from con- 
tacting an innermost guard ring portion among said 
guard ring portions. 

[0016] According to the invention, in the above-de- 
scribed diode device, the relay diffusion layer is provid- 
ed in contact with one of the inner circumference and 
the outer circumference of the ring of the guard ring por- 
tion. 

[0017] According . to the invention, in the above-de- 
scribed diode device, the relay diffusion layer is kept 
from contacting the guard ring portions. 
[0018] According to the invention, in the above-de- 
scribed diode device, the ring-shaped holes include oth- 
er concentric holes other than those comprising the 
guard ring portions and positioned between an inner- 
most guard ring portion among said guard ring portions 
and the withstanding voltage portions, the other concen- 
tric hole and a filler filling the other concentric hole form 
an intermediate ring portion, and insulating film is pro- 
vided between the electrode film and the surface of the 
semiconductor layer positioned between the two inter- 
mediate ring portions adjacent to each other. 
[0019] According to the invention, in the above-de- 
scribed diode device, the electrode film has its end ex- 
tended at least to lie over the innermost guard ring por- 
tion. 

[0020] The invention provides a transistor device in- 
cluding a semiconductor layer of a first conductivity type 
having a plurality of ring-shaped holes provided concen- 
trically at one surface of the semiconductor layer and 
filled with a semiconductor filler of a second conductivity 
type, a base region of the second conductivity type pro- 
vided in the vicinity of the one surface in the semicon- 
ductor layer and in an inner circumferential region of an 
innermost ring-shaped hole among the plurality of ring- 
shaped holes, a source region of the first conductivity 
type provided in the base region, a gate insulating film 
provided in contact with the base region and a gate elec- 
trode provided in contact with the gate insulating film. In 
this device, the plurality of ring-shaped holes and the 
semiconductor filler of the second conductivity type fill- 
ing within the ring-shaped holes form a plurality of guard 
ring portions, each of the guard ring portions is kept from 



contacting the base region, and a relay diffusion layer 
of the second conductivity type in a depth shallower than 
a bottom of the ring-shaped hole is provided between 
the ring-shaped holes adjacent to each other and at the 
5 surface within the semiconductor layer, and kept from 
contacting at least one of the two ring-shaped holes ad- 
jacent to each other. 

[0021] According to the invention, in the above-de- 
scribed transistor device, the relay diffusion layer is pro- 
10 vided between the innermost ring-shaped hole and the 
base region and kept from contacting at least one of the 
innermost ring-shaped hole and the base region. 
[0022] According to the invention, the transistor de- 
vice further includes an ohmic layer of the same con- 
15 ductivity type as that of the semiconductor layer and 
having a higher concentration than that of the semicon- 
ductor layer provided at a surface of the semiconductor 
layer opposite to the surface provided with the base re- 
gion, and a drain electrode film forming an ohmic junc- 
20 tion with the ohmic layer at a surface of the ohmic layer. 
[0023] According to the invention, the transistor de- 
vice further includes a collector layer of a conductivity 
type different from that of the semiconductor layer pro- 
vided at a surface of the semiconductor layer opposite 
25 to the surface provided with the base region, and a col- 
lector electrode film forming an ohmic junction with the 
collector layer at a surface of the collector layer. 
[0024] According to the invention, the transistor de- 
vice further includes a Schottky electrode film forming a 
30 Schottky junction with the semiconductor layer provided 
at a surface of the semiconductor layer opposite to the 
surface provided with the base region, and the Schottky 
junction is forward biased with a voltage of a polarity that 
reverse biases a PN junction formed between the sem- 
35 iconductor layer and the base region. 

[0025] In the diode device and the transistor device 
according to the invention, when the first conductivity 
type is N-type, the second conductivity type is P-type, 
while conversely when the first conductivity type is P- 
40 type, the second conductivity type is N-type. 

[0026] In the diode device according to the invention, 
a metal film forming an ohmic junction with the semicon- 
ductor layer is formed on a surface opposite to the sur- 
face provided with the holes. When a negative voltage 
45 for the electrode film is applied to the metal film, the 
Schottky junction between the electrode film and the 
semiconductor layer is forward biased, so that current 
is allowed to flow from the electrode film to the metal 
film through the Schottky junction. 
50 [0027] At the time, the PN junction between the filler 
in the withstanding voltage portions and the semicon- 
ductor layer is also forward biased, but the barrier height 
of the PN junction is higher than that of the Schottky 
junction. Therefore, the current passed across the PN 
55 junction is far smaller than the current passed across 
the Schottky junction. 

[0028] In the transistor device according to the inven- 
tion, the semiconductor region serves as a drain region, 
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a voltage of a polarity that reverse biases a PN junction 
formed between the base region and the drain region is 
applied between the source region and the drain region. 
Then, when a positive voltage equal to or higher than 
the threshold voltage is applied to the gate electrode 
film, an inversion layer of the first conductivity type is 
formed where the base region is in contact with the gate 
insulating film. The source region is connected to the 
drain region by the inversion layer, so that current is al- 
lowed to flow between the source region and the drain 
region. 

[0029) When a drain layer of the same conductivity 
type as that of the semiconductor layer is provided on a 
surface opposite to the surface provided with the base 
region, and current is allowed to flow between the 
source region and the semiconductor layer (drain re- 
gion), minority carriers are not injected into the semicon- 
ductor layer, so that the transistor device according to 
the invention is a MOSFET operating with majority car- 
riers. 

[0030] When a collector layer of a conductivity type 
different from that of the semiconductor layer is provided 
instead of the drain layer of the same conductivity type 
as that of the semiconductor layer, minority carriers are 
injected into the semiconductor layer and the device op- 
erates an IGBT. 

[0031] In this case, the resistance across the area be- 
tween the source region and the collector layer is low- 
ered by conductivity modulation of the semiconductor 
layer. 

[0032] A Schottky electrode film forming a Schottky 
junction with the semiconductor layer is provided on a 
surface opposite to the surface provided with the base 
resion, and a Schottky diode is formed between the 
semiconductor layer and the Schottky electrode film. 
When the Schottky diode is to be forward biased with a 
voltage of a polarity to reverse bias a PN junction diode 
formed between the semiconductor layer and the base 
region, minority carriers less than the case of the IGBT 
are injected into the semiconductor layer, so that both 
the resistance reduction based by the conductivity mod- 
ification and high speed switching can be carried out. 
[0033] When the PN junction formed between the 
semiconductor layer and. the base region is reverse bi- 
ased and the potential of the gate electrode is lower than 
the threshold voltage, current is not passed. 
[0034] In this state, the PN junction between the base 
region and the semiconductor layer and the PN junc- 
tions between the guard ring portions and the semicon- 
ductor layer are reverse biased, and a depletion layer is 
expanded into the semiconductor layer from the base 
region and the guard ring portion. 
[0035] In the case of the diode device, when a positive 
voltage for the electrode film is applied to the metal film, 
the Schottky junction between the electrode film and the 
semiconductor layer, the PN junctions between the 
semiconductor layer and the withstanding voltage por- 
tions, and the PN Junction between the semiconductor 



layer and the innermost guard ring portion are reverse 
biased, and a depletion layer is expanded from each of 
the PN junctions. 

[0036] In the diode device and the transistor device 
5 according to the invention, a relay diffusion layer is pro- 
vided in the semiconductor layer positioned between the 
guard ring portions adjacent to each other, and the width 
of the semiconductor layer between the adjacent guard 
ring portions is shorter where the relay diffusion layer is 
10 provided than where no such relay diffusion layer is pro- 
vided. When a depletion layer is expanded from each of 
the guard ring portions, the part of the semiconductor 
layer with the shorter width is depleted earlier than the 
part with the longer width, and therefore the part provid- 
15 ed with the relay diffusion layer is depleted with a voltage 
lower than a voltage that depletes the part without the 
relay diffusion layer. 

[0037] Therefore, in the diode device and the transis- 
tor device according to the invention, the guard ring por- 

20 tions adjacent to each other can be connected by the 
depletion layer with a voltage lower than the voltage for 
the device without the relay diffusion layer. 
[0038] When the size of the relay diffusion layer in the 
width-wise direction of the rings of the guard ring por- 

25 tions is increased, the width of the semiconductor layer 
is reduced by the increase. Therefore, all the guard ring 
portions may be connected by the depletion layers even 
with a low voltage as compared to the device having the 
relay diffusion layer whose size is shorter, so that the 

30 semiconductor layer positioned on the inner side of the 
outermost guard ring portion can be depleted. 
[0039] In the conventional device without the relay dif- 
fusion layer, breakdown occurs because the semicon- 
ductor layer positioned within the inner circumference 

35 of the ring of the outermost guard ring portion is not en- 
tirely depleted. In the diode device and the transistor de- 
vice according to the invention, the semiconductor layer 
is entirely depleted, and therefore unlike the convention- 
al device, breakdown does not occur. 

40 [0040] In the diode device and the transistor device 
according to the invention, the amount of the impurity of 
the first conductivity type in the semiconductor layer po- 
sitioned on the inner side of the outermost guard ring 
portion and the amount of the impurity of the second 

<5 conductivity type in the guard ring portions and the with- 
standing voltage portions are set to be equal. Then, 
when the semiconductor layer is completely depleted in- 
side, the inside of the guard ring portions and the. with- 
standing voltage portions positioned within the inner cir- 

50 cumference of the ring of the outermost guard ring por- 
tion is completely depleted. Therefore, there is no area 
without a depletion layer within the inner circumference 
of the ring of the outermost guard ring portion. There- 
fore, electric field concentration that would otherwise oc- 

55 cur in an area without a depletion layer does not occur, 
and breakdown does not occur. 

[0041] Note that in the diode device and the transistor 
device according to the invention, the size of the relay 
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diffusion layer in the width-wise direction of the ring of 
said guard ring portion is shorter than the distance be- 
tween the guard ring portions adjacent to each other. As 
a result, the relay diffusion layer does not contact in at 
least one of two guard ring portions adjacent to each 5 
other, in other words, the adjacent guard ring portions 
are not connected by the relay diffusion layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0042] 

Fig. 1 is a plan view for use in illustration of a diode 
device according to one embodiment of the present 
invention; is 
Fig. 2 is a sectional view taken along the line A-A 
in Fig. 1; 

Fig. 3 is a sectional view taken along the line B-B 
in Fig. 1; 

Fig. 4 is a first sectional view for use in illustration 20 
of the process of manufacturing the diode device 
according to the embodiment; 
Fig. 5 is a second sectional view for use in illustra- 
tion of the process of manufacturing the diode de- 
vice according to the embodiment; 25 
Fig. 6 is a third sectional view for use in illustration 
of the process of manufacturing the diode device 
according to the embodiment; 
Fig. 7 is a fourth sectional view for use in illustration 
of the process of manufacturing the diode device 30 
according to the embodiment; 
Fig. 8 is a fifth sectional view for use in illustration 
of the process of manufacturing the diode device 
according to the embodiment; 

Fig. 9 is a sixth sectional view for use in illustration 35 
of the process of manufacturing the diode device 
according to the embodiment; 
Fig. 10 is a seventh sectional view for use in illus- 
tration of the process of manufacturing the diode 
device according to the embodiment; 40 
Fig. 11 is a first plan view for use in illustration of 
the process of manufacturing the diode device ac- 
cording to the embodiment; 

Fig. 12 is a second plan view for use in illustration 
of the process of manufacturing the diode device 45 
according to the embodiment; 
Fig. 1 3 is a plan view for use in illustration of a diode 
device according to another embodiment of the in- 
vention; 

Fig. 14 is a sectional view taken along the line E-E 50 
in Fig. 13; 

Fig. 1 5 is a plan view for use in illustration of a diode 
device according to another embodiment of the in- 
vention; 

Fig. 16 is a sectional view taken along the line G-G 55 
in Fig. 15; 

Fig. 17 is a plan view for use in illustration of a con- 
ventional diode device; 



Fig. 18 is a sectional view taken along the line P-P 
in Fig. 17; 

Fig. 19 is a sectional view of a diode device accord- 
ing to an embodiment of the invention, in which an 
anode electrode film positioned on an epitaxial layer 
has a large area; 

Fig. 20 is a plan view for use in illustration of the 
diffusion structure of a transistor device according 
to an example of the invention; 
Fig. 21 is a sectional view taken along the line S-S 
in Fig. 20; 

Fig. 22 is a sectional view taken along the line T-T 
in Fig. 20; and 

Figs. 23a and 23b are views of a transistor device 
having another structure according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] Now, embodiments of the invention will be de- 
scribed in conjunction with the accompanying drawings. 
[0044] First, a method of manufacturing a diode de- 
vice according to one embodiment of the invention will 
be described. 

[0045] Referring to Fig. 4, a semiconductor substrate 
11 is made of N-type silicon. An N-type epitaxial layer 
12, an example of a semiconductor layer according to 
the invention is formed on the surface of the semicon- 
ductor substrate 11. A patterned thermal oxide film 13 
is deposited on the surface of the epitaxial layer 1 2. As 
shown in the plan view of Fig. 11, the thermal oxide film 
13 has a plurality of openings 47 1 to 47 4 whose plane 
shape is a rectangular ring shape and a plurality of open- 
ings 46., to 46 3 whose plane shape is rectangular. The 
epitaxial layer 12 is exposed at the bottom of the rec- 
tangular ring-shaped openings 47 1 to 47 4 and at the bot- 
tom of the oblong openings 46, to 46 3 . Herein, there are 
four rectangular ring-shaped openings 47, to 47 4 and 
three oblong openings 46., to 46 3 . Note that Fig. 4 is a 
sectional view taken along the line C-C in Fig. 11. 
[0046] As shown in Fig. 11, the rectangular ring- 
shaped openings 47., to 47 4 are provided concentrically 
at predetermined intervals, and the oblong openings 46., 
to 46 3 are provided parallel to each other within the inner 
circumference of the ring of the innermost rectangular 
ring-shaped opening 47 1 . 

[0047] Using the thermal oxide film 1 3 as a mask, the 
epitaxial layer 12 exposed at the bottom of the rectan- 
gular ring-shaped openings 47, to 47 4 and at the bottom 
of the oblong openings 46 1 to 46 3 is etched, and the 
holes whose planer shape is the same as that of the 
openings of the thermal oxide film 13 are formed. As 
shown in Fig. 5, narrow rectangular holes 23^ to 23 3 are 
formed in the same positions as the oblong openings 
46, to 46 3 . Rectangular ring-shaped holes 26 1 to 26 4 
are formed in the same positions as the rectangular ring- 
shaped openings 47., to 47 4 . 

[0048] These narrow rectangular holes 23, to 23 3 and 
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the rectangular ring-shaped holes 26^ to 26 4 are exam- 
ples of holes to be filled according to the invention and 
formed simultaneously in the same etching process. 
Therefore, these holes have the same depth, and the 
bottoms of the narrow rectangular holes 23, to 23 3 and 
the rectangular ring-shaped holes 26 1 to 26 4 are posi- 
tioned inside the epitaxial layer 12. 
[0049] Then, while a gas containing a P-type impurity, 
boron is made to flow, an epitaxial layer is grown in the 
narrow rectangular holes 23-, to 23 3 and the rectangular 
ring-shaped holes 26 1 to 26 4 , and thus the holes are 
filled with the filler made of the P-type epitaxial layer. At 
the time, the filler fills up to the level of the surface of 
the epitaxial layer 1 2, and since the openings 46 t to 46 3 
and 47 1 to 47 4 in the thermal oxide film 1 3 are positioned 
in a higher than the surface of the filler, the openings 
46! to 46 3 and 47! to 47 4 are left unfilled. The filler is 
therefore exposed at the bottom of the openings 46., to 
46 3 and 47! to 47 4 . 

[0050] As shown in Fig. 6, the filler portions in the rec- 
tangular ring-shaped holes 26^ to 26 4 are referred to as 
guard ring portions 27! to 27 4 , while filler positioned in 
the narrow holes 23! t0 2 ^ 3 are refereed to as withstand- 
ing voltage portions 25! to 25 3 . In this way, the guard 
ring portions 27! to 27 4 are provided concentrically at 
predetermined intervals, and the withstanding voltage 
portions 25^ to 25 3 are positioned within the inner cir- 
cumference of the ring of the innermost guard ring por- 
tion 27 v 

[0051] During the epitaxial growth described above, 
the flow rate and impurity concentration of the gas are 
controlled so that the impurity concentration in the with- 
standing voltage portions 25, to 25 3 and the guard ring 
portions 27! to 27 4 is uniform. 

[0052] Then, in the thermal oxide film 13, the side 
walls forming the rectangular ring-shaped openings 47 2 
to 47 4 (excluding the innermost rectangular ring-shaped 
openings 47^ at the inner circumferential side are partly 
etched away to form new openings. The new openings 
denoted by 51 ! to 51 3 as shown in in Figs. 7 and 12 
extend intward from the inner circumference of the rings 
of the rectangular ring-shaped openings 47 2 to 47 4 , re- 
spectively. These new openings 51 ^ to 51 3 have a rec- 
tangular shape in plane view. The epitaxial layer 12 is 
exposed at their bottoms. Note that Fig. 7 is a sectional 
view taken along the line D-D in Fig. 12. 
[0053] Then, when P-type impurity ions, boron ions 
are irradiated on the surface of the epitaxial layer 12 us- 
ing the thermal oxide film 13 as a mask, the P-type im- 
purity is doped into the guard ring portions 27., to 27 4 
exposed at the bottom of the rectangular ring-shaped 
openings 47! to 47 4 and the surface of the epitaxial layer 
12 exposed at the bottom of the new openings 51 1 to 
51 3 . 

[0054] Subsequent heat treatment allows the implant- 
ed P-type impurity to diffuse both into the guard ring por- 
tions 27 2 to 27 4 and the epitaxial layer 12. The guard 
ring portions 27! to 27 4 are a P-type semiconductor lay- 



er, and therefore the diffused P-type impurity raises the 
impurity concentration in the vicinity of the surface of the 
guard ring portions 27! to 27 4 , but the conductivity is 
unchanged and still P-type. In contrast, the P-type im- 

5 purity diffused into the epitaxial layer 12 exposed at the 
bottom of the newly formed openings 51 ! to 51 3 causes 
the conductivity type of the epitaxial layer 12 to be in- 
verted from N-type to P-type, and a P-type impurity dif- 
fusion layer is formed at the surface of the epitaxial layer 

10 12 exposed at the bottom of the new openings 5^ to 
51 3 (Fig.8). 

[0055] These new P-type impurity diffusion layers; 
hereinafter referred to as relay diffusion layers 52! to 
52 3 , project intward from the inner circumference of the 

15 rings of the guard ring portions 27 2 to 27 4 (excluding the 
innermost guard ring portion 27^, and the relay diffusion 
layers 52! to 52 3 are in contact with the guard ring por- 
tions 27 2 to 27 4 , respectively. The relay diffusion layers 
52! to 52 3 have a very shallow depth about in the range 

20 from 0.8 urn to 1 urn. In this state, the thermal oxide film 
13 is positioned on the surface of the N-type epitaxial 
layer 12. 

[0056] The thermal oxide film 13 positioned on the 
surface of the epitaxial layer 1 2 is entirely removed, then 
25 a new thermal oxide film is deposited by thermal oxida- 
tion on the surface of the epitaxial layer 12 including the 
inner surface of openings, and a PSG film is deposited 
on the surface of the thermal oxide film by CVD method 
or the like, so that a protection film made of the thermal 
30 oxide film and the PSG film is formed. Then, the lami- 
nation film is patterned to form an opening having its 
edge positioned on the central line of the innermost 
guard ring 27! tnat bisects the innermost guard ring 27! 
in the width-wise direction (referred to as "innermost ring 
35 central line"). Then, the surface of the withstanding volt- 
age portions 25! to 25 3 , the surface of the epitaxial layer 
12 positioned within the innermost ring central line, and 
part of the surface of the innermost guard ring portion 
27! positioned within the innermost ring central line 
thereof are exposed at the bottom of the opening. Fig. 
9 is the cross section showing the thermal oxide film 14, 
the PSG film 15, and the opening 60. 
[0057] Then, a metal film is formed by sputtering a 
metal on the surface of the PSG film 1 5, and the surfac- 
es es of the epitaxial layer 12, the withstanding voltage por- 
tions 25! to 25 3 and the innermost guard ring portion 
27! exposed at the bottom of the opening 60. Then, the 
metal film is patterned to form an anode electrode film. 
The anode electrode film is denoted by reference nu- 
50 meral 18 in Fig. 10. The metal for the metal film is of a 
kind that forms a Schottky junction with the epitaxial lay- 
er 12 and an ohmic junction with the withstanding volt- 
age portions 25! to 25 3 . Herein, the metal is chromium. 
The bottom of the anode electrode film 18 is in contact 
55 with the surface of the epitaxial layer 12, the surface of 
the withstanding voltage portions 25! to 25 3 and tn © in- 
nermost guard ring portion 27 t exposed at the bottom 
of the opening 60, while the anode electrode film 18 is 
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kept from contacting the other guard ring portions 27 2 
to 27 4 . The Schottky junction formed by the anode elec- 
trode film 18 and the epitaxial layer 12, and the ohmic 
junction formed by the anode electrode film 18 and the 
withstanding voltage portions 25^ to 25 3 , and the ohmic 5 
junction formed by the anode electrode film 18 and in- 
nermost guard ring portion 27^ are positioned within the 
inner circumference of the ring of the innermost guard 
ring portion 27 v 

[0058] Then, a cathode electrode film 19 made of a m> 
thin metal film that forms an ohmic junction with the sem- 
iconductor substrate 11 is formed at one surface of the 
semiconductor substrate 11 opposite to the side of the 
epitaxial layer 12. After the above process, the diode 
device 1 according to the embodiment shown in Figs. 1 15 
to 3 is complete. Fig. 1 is a plan view of the diode device 
1, and Figs. 2 and 3 are sectional views taken along the 
lines A-A and B-B, respectively in Fig. 1. For the ease 
of illustration, the anode electrode film 18, the thermal 
oxide film 14 and the PSG film 15 are not shown in Fig. 20 
1, while reference numeral 60 indicates the opening in 
the thermal oxide film 14 and the PSG film 15. 
[0059] The n-th guard ring portion is denoted by 27 n , 
the guard ring portion positioned next to it on the outer 
side is denoted by 27 n+1 , and the relay diffusion layer 25 
provided between them is denoted by 52 n . The width of 
the epitaxial layer 12 positioned between the guard ring 
portions 27 n and 27 n+1 is set to a fixed value a, and the 
width is shorter where the relay diffusion layer 52 n is pro- 
vided than the width a of the other part. Herein, since 30 
the width of the relay diffusion layer 52 n is a/2, the width 
of the remaining epitaxial layer 12 is a/2. 
[0060] When a negative voltage for the anode elec- 
trode film 18 is applied to the cathode electrode film 19, 
the Schottky junction between the anode electrode film 35 
18 and the epitaxial layer 12 is forward biased, so that 
current is passed from the anode electrode film 1 8 to 
the cathode electrode film 19. 

[0061 ] At the time, the PN junctions between the with- 
standing voltage portions 25! to 25 3 and the epitaxial «o 
layer 12 and the PN junction between the innermost 
guard ring portion 27! and the epitaxial layer 12 are for- 
ward biased. However, the barrier height of the PN junc- 
tion is higher than the barrier height of the Schottky junc- 
tion, and therefore the current passed across the PN 45 
junction is far smaller than the current passed across 
the Schottky junction. 

[0062] Conversely, when a positive voltage for the an- 
ode electrode film 1 8 is applied to the cathode electrode 
film 19, the Schottky junction between the anode elec- 50 
trode film 18 and the epitaxial layer 12 and the PN junc- 
tions between the withstanding voltage portions 25, to 
25 3 and the innermost guard ring portion 27! and the 
epitaxial layer 12 are reverse biased. Then, a depletion 
layer is expanded each from the Schottky junction and 55 
the PN junctions. 

[0063] Among these depletion layers, the depletion 
layer from the Schottky junction is expanded into the in- 



side of the epitaxial layer 12. The depletion layers from 
the PN junctions are expanded into the N-type epitaxial 
layer 12, the P-type withstanding voltage portions 25! 
and 25 3 , and the P-type innermost guard ring portion 
27!. Among the depletion layers expanded into the N- 
type epitaxial layer 12, let us now consider the depletion 
layers expanded from the PN junction at the innermost 
guard ring portion 27! , particularly the depletion layer 
expanded from the PN junction on the outer circumfer- 
ence of the ring of the innermost guard ring portion 27! . 
[0064] The depletion layer is expanded from the PN 
junction on the outer circumference of the ring of the 
innermost guard ring portion 27!. Then, as described 
above, between innermost guard ring portion 27! anc ^ 
the second guard ring portion 27 2 , the width of the epi- 
taxial layer 12 where there is the relay diffusion layer 
52, is half that of the part without the relay diffusion layer 
52! , i.e., the width is a/2. When the depletion layer is 
expanded from the innermost guard ring portion 27! for 
a/2, the depletion layer reaches the relay diffusion layer 
52! , and connects the innermost guard ring portion 27! 
and the second guard ring portion 27 2 through the relay 
diffusion layer 52!. Then, the depletion layer is expand- 
ed from the second guard ring portion 27 2 both in the 
inward and outward directions for the same distance a/ 
2 as the depletion layer from the innermost guard ring 
portion 27, does. 

[0065] The depletion layer expanded intward from the 
second guard ring portion 27 2 expands toward the in- 
nermost guard ring portion 27! , while the depletion layer 
expanded outward from the innermost guard ring por- 
tion 27! is expanded toward the second guard ring por- 
tion 27 2 . 

[0066] These depletion layers each expand for a/2, 
while the distance between the adjacent guard ring por- 
tions is a, and therefore an end of one depletion layer 
reaches an end of the other depletion layer. Conse- 
quently, the epitaxial layer 12 between the innermost 
and second guard ring portions 27! and 27 2 is depleted. 
[0067] Meanwhile, the depletion layer expanded out- 
ward from the second guard ring portion 27 2 is also ex- 
panded toward the third guard ring portion 27 3 for a/2. 
Therefore, the end of the depletion layer reaches the 
relay diffusion layer 52 2 , and the third guard ring portion 
27 3 and the second guard ring portion 27 2 are connect- 
ed by the depletion layer. 

[0068] As a result, the depletion layer is expanded 
from the third guard ring portion 27 3 for a/2 both in the 
inward and outward directions. Similarly to the above, 
the depletion layer expanded intward from the third 
guard ring portion 27 3 and the depletion layer expanded 
outward from the second guard ring portion 27 2 ar- 
ranged on the inner side of the third guard ring portion 
27 3 cause the epitaxial layer between these guard ring 
portion 27 2 and 27 3 to be depleted. The depletion layer 
expanded outward from the third guard ring portion 27 3 
causes the fourth guard ring portion 27 4 at the outer pe- 
riphery of the third guard ring portion 27 3 and the inner- 
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most to the third guard ring portions 27 1 to 27 3 posi- 
tioned more on the inner side of the guard ring portion 
27 4 to be connected with each other. 
[0069] According to the invention, the distance be- 
tween the guard ring portions is equal among each oth- 
er. When a depletion layer is expanded from a first inner 
guard ring portion for half the distance of the interval 
between the guard ring portions, the inner guard ring 
portion and the adjacent outer guard ring portion are 
connected each other by depletion layer. Therefore, 
when the adjacent two guard ring portions are connect- 
ed each other by the depletion layer, the spaces be- 
tween the guard ring portions positioned at the inner 
side of the two adjacent guard ring portions are connect- 
ed by the depletion layer. Then, the depletion layer ex- 
panded outward from these guard ring portions reaches, 
and the next guard ring portion on the outer side are also 
connected. 

[0070] When the area between the innermost and 
second guard ring portions is depleted, the depletion is 
transmitted to the outermost guard ring portion, and the 
epitaxial layer between the guard ring portions posi- 
tioned on the inner side of the outermost guard ring por- 
tion are all depleted. 

[0071] At the time, according to the invention, the epi- 
taxial layer on the inner side of the innermost guard ring 
portion is entirely depleted. An arbitrary guard ring por- 
tion is selected and the total amount of the P-type im- 
purity and the total amount of the N-type impurity within 
the central line of the guard ring portion are set equal, 
so that the P-type region positioned on the inner side of 
the outermost guard ring portion is entirely depleted. 
[0072] The conventional diode device is not provided 
with the relay diffusion layers, and therefore breakdown 
occurs before the depletion layer reaches the outermost 
guard ring portion. In the diode device 1 according to 
the invention, the N-type epitaxial layer 12 positioned 
on the inner side of the central line of the ring of the 
outermost guard ring portion 27 4 is entirely depleted, 
and therefore the P-type guard ring portions 27 1 to 27 4 
and the withstanding voltage portions 25-, to 25 3 are en- 
tirely depleted inside. 

[0073] Consequently, there is no area without a de- 
pletion layer on the inner side of the outermost guard 
ring portion 27 4 , and therefore electric field concentra- 
tion that would otherwise occur in an area without a de- 
pletion layer does not occur. Thus, the breakdown do 
not caused by the electric field concentration and the 
withstanding voltage improves. 

[0074] Note that in the diode device 1 of this embod- 
iment, the interval between the guard ring portions 27 n 
to 27 n+1 is all a, and the size of the epitaxial layer 12 
where provided with the relay diffusion layer is all a/2, 
but the invention is not limited to these. The effect of the 
invention is provided as long as the relay diffusion layers 
are provided to cause the epitaxial layer 12 positioned 
on the inner side of the outermost guard ring portion 27 4 
to be entirely depleted. In the described embodiment, 



the diode device 1 has four guard ring portions 27, to 
27 4 , but the number of the guard ring portions according 
to invention may be any number other than four. 
[0075] In the above description, the diode device 1 

5 has the relay diffusion layers 52 1 to 52 3 that are provided 
to project intward from the inner circumference of the 
rings of the guard ring portions 27 2 to 27 4 excluding the 
innermost guard ring portion 27 1( but the diode device 
1 according to the invention is not limited to this arrange- 

10 ment. For example, like a diode device 2 as shown in 
Figs. 13 and 14, the relay diffusion layers 52 1 to 52 3 may 
be provided to project outward from the outer circumfer- 
ence of the rings of the guard ring portions 27 1 to 27 3 
excluding the outermost guard ring portion 27 4 . 

15 [0076] In this arrangement, the relay diffusion layer 
52 n is provided between the adjacent guard ring por- 
tions 27 n and 27 n+1 , and therefore similarly to the diode 
device 1 as shown in Figs. 1 to 3 ( the epitaxial layer 12 
positioned within the inner circumference of the ring of 
20 the outermost guard ring portion 27 4 can be entirely de- 
pleted. 

[0077] Like a diode device 3 as shown in Figs. 1 5 and 
16, the relay diffusion layers 52 1 to 52 3 may be kept from 
contacting any of the guard ring portions 27 n and 27 n+1 

25 adjacent to each other. In this arrangement, the relay 
diffusion layer 52 n is provided between the adjacent 
guard ring portions 27 n and 27 n+1 , and therefore simi- 
larly to the diode device 1 as shown in Figs. 1 to 3, the 
epitaxial layer 12 positioned within the inner circumfer- 

30 ence of the ring of the outermost guard ring portion 27 4 
can be entirely depleted with a low voltage. 
[0078] The relay diffusion layers 52 1 to 52 3 are pro- 
vided partly at the inner circumference of the rings of the 
guard ring portions 27 2 to 27 4 , the invention is not limited 

35 to the arrangement and the relay diffusion layers 52 n to 
52 3 may be provided at the entire inner or outer circum- 
ference of the rings of the guard ring portions 27 2 to 27 4 . 
[0079] The size of the relay diffusion layers 52, to 52 3 
in the width-wise direction of the rings of the guard ring 

40 portions 27! to 27 4 is about half the interval between the 
adjacent guard ring portions 27 n and 27 n+1 , but the in- 
vention is not limited to the arrangement. When the size 
of the relay diffusion layers in the width-wise direction 
of the rings of the guard ring portions 27.^ to 27 4 is in- 

45 creased, the width of the epitaxial layer is reduced by 
the increase. Therefore, when the size of the relay dif- 
fusion layers 52 A to 52 3 is large in the device, all the 
guard ring portions 27, to 27 4 may be connected by the 
depletion layers with a low voltage as compared to a 

50 device having a relay diffusion layer having a shorter 
size. 

[0080] When there is no relay diffusion layer 52 be- 
tween the guard ring portions 27, the minimum voltage 
to connect between the adjacent guard ring portions 27 n 
55 and 27 n+1 by a depletion layer is referred to as "depletion 
voltage." As described above, according to the inven- 
tion, when a voltage lower than the depletion voltage is 
applied, all the guard ring portions 27, to 27 4 can be 



8 



15 



EP 1 341 238 A2 



16 



connected by the depletion layers. In particular, the size 
of the relay diffusion layers in the width-wise direction 
of the ring may be adjusted so that the voltage to which 
the guard ring portions 21^ to 27 4 are connected may 
be changed. 

[0081] The anode electrode film 18 is in contact with 
the innermost guard ring portion 27^ and at the same 
potential as that of the anode electrode film 18, but the 
invention is not limited to this, and the anode electrode 
film 18 for example may be kept from contacting the in- 
nermost guard ring portion 21 v 

[0082] With reference to another example of the in- 
vention, as denoted by reference numeral 5 in Fig. 19, 
intermediate ring portions 227 1 and 227 2 may be con- 
centrically provided in the inner side of the innermost 
guard ring portion 27 1 and surrounding the withstanding 
voltage portions 25-, to 25 3 in the diode device 1 de- 
scribed above. The intermediate ring portions 227 1 and 
227 2 are ring-shaped holes filled with a filler made of a 
P-type epitaxial layer, having the same depth as those 
of the guard ring portions 27., to 27 4 , and provided con- 
centrically at predetermined intervals with respect to the 
guard ring portions 27 1 to 27 4 . Unlike the areas between 
the guard ring portions 27 1 to 27 4 , the epitaxial layer 12 
between the intermediate ring portions 227 n and 227 2 
is not provided with a relay diffusion layer. 
[0083] A diode device 5 has a two-layer insulating film 
including a thermal oxide film 14 and a PSG film 15 
formed thereon. The anode electrode film 18 is connect- 
ed to at least the epitaxial layer 12 and the withstanding 
voltage portions 25^ to 25 3 through an opening provided 
in the two-layer insulating film. 

[0084] Herein, the innermost guard ring portion 27 1 is 
insulated from the anode electrode film 18 by the two 
insulating films, and part of the surface of the interme- 
diate ring portion 227 1 positioned at the innermost cir- 
cumference, and the surface of the region on the outer 
side of the intermediate ring portion 227-, is covered with 
the two-layer insulating film. 

[0085] The anode electrode film 1 8 is extended to the 
outer side of the outermost intermediate ring portion 
227 2 , and the end is disposed at least on the outer side 
of the upper part of the innermost guard ring portion 27 v 
[0086] Therefore, the anode electrode film 18 is posi- 
tioned on and above the intermediate ring portions 227 t 
and 227 2 , and above the epitaxial layer 12 between the 
intermediate ring portions 227 1 and 227 2 , and between 
the intermediate ring portion 227 2 and the guard ring 
portion 27 v 

[0087] The part of the anode electrode film 18 posi- 
tioned above the epitaxial layer 1 2 through the two-layer 
insulating film forms a MOS structure. When a voltage 
of a polarity to reverse bias the Schottky junction is ap- 
plied to the anode electrode film 18, the carrier density 
at the surface of the epitaxial layer 12 where the MOS 
structure is formed is reduced. Meanwhile, when the re- 
verse biasing voltage is large, carriers of the opposite 
type conductivity are induced at the surface of the epi- 



taxial layer 12 forming the MOS structure, so that an in- 
version layer forms. 

[0088] In this case, when the reverse biasing voltage 
applied to the anode electrode film 18 is not more than 
5 the depletion voltage described above, the part of the 
epitaxial layer 12 forming the MOS structure is depleted 
at least in the vicinity of the surface. 
[0089] The intermediate ring portion 227 2 and the 
guard ring portions 27 1 to 27 4 are kept from contacting 
10 the anode electrode film 18, and held at a floating po- 
tential. But when the part of the epitaxial layer 12 forming 
the MOS structure is depleted in the vicinity of the sur- 
face, the intermediate ring portions 227! and 227 2 are 
connected with each other by the depletion layer or the 
15 outermost intermediate ring portion 227 2 and the inner- 
most guard ring portion 27, are connected by the deple- 
tion layer and the potential is stabilized. 
[0090] Note that in the above examples, the first con- 
ductivity type is N-type and the second conductivity type 
is P-type, but conversely, the first conductivity type may 
be P-type, and the second conductivity type may be N- 
type. 

[0091] In the above described embodiment, the depth 
of the relay diffusion layers 52^ to 52 3 from the surface 
of the epitaxial layer 12 is as shallow as 0.8 u,m to 1 urn, 
but the depth of relay diffusion layers 52, to 52 3 is not 
limited to the range and may be in any range as long as 
the bottom of the relay diffusion layers 52., to 52 3 is po- 
sitioned in a higher level than the bottom of the guard 
ring portions 27^ to 27 4 . 

[0092] Although the above description concerns the 
diode device according to the invention, the invention 
also applies to transistor devices. 
[0093] Fig. 20 is a plan view for use in illustration of 
the diffusion structure of a transistor device 201 accord- 
ing to one example of the invention. Fig. 21 is a sectional 
view taken along the line S-S in Fig. 20, and Fig. 22 is 
a sectional view taken along the line T-T in Fig. 20. 
[0094] Similarly to the diode device 1 described 
above, the transistor device 201 comprises a semicon- 
ductor layer 212 of a first conductivity type made of epi- 
taxially grown monocrystalline silicon, on one surface of 
which there are a plurality of ring-shaped grooves 227 n 
to 227 3 provided concentrically at predetermined inter- 
vals and filled with a semiconductor filler 21 6 of a second 
conductivity type up to the height of the surface. The 
plurality of ring-shaped grooves 227! to 227 3 and the 
semiconductor filler 216 filling them form a plurality of 
guard ring portions. The guard ring portions are not elec- 
trically connected with each other, and not connected to 
a source electrode film or a gate electrode (that will be 
described) either, in other words, they are held at a float- 
ing potential. 

[0095] On the inner side of the innermost groove 227! 
among the ring-shaped grooves 227! to 227 3 , there is 
a ring-shaped groove 226b having only its bottom filled 
with a semiconductor filler 21 6. In the region on the inner 
side of the groove 226b, there are a plurality of linear 
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active grooves 226a arranged parallel to each other and 
having their bottoms filled with the semiconductor filler 
216. Fig. 20 shows four such active grooves 226a. 
[0096] The semiconductor filler 216 in the ring- 
shaped grooves 227 1 to 227 3 and the semiconductor 5 
filler 216 at the bottom of the linear and ring-shaped 
grooves 226a and 226b are in contact with the semicon- 
ductor layer 212 and form PN junctions. 
[0097] The grooves 227! to 227 3 , 226a, and 226b are 
formed together in the same manufacturing process, 10 
and have the same depth. 

[0098] At the upper part of the semiconductor layer 
212 positioned above the grooves 226a and 226b hav- 
ing their bottoms filled with the semiconductor filler 216, 
a base region 233 of the second conductivity type is is 
formed by a diffusion process. 

[0099] The diffusion depth of the base region 233 is 
not large enough to reach the upper end of the semi- 
conductor filler 216, and at the upper part of the side 
surface in a level higher than the semiconductor filler 20 
216 inside the grooves 226a and 226b, the base region 
233 is exposed. Below the level, the semiconductor lay- 
er 212 is exposed. 

[01 00] A gate insulating film (silicon oxide film) 257 is 
formed on the upper surface of the semiconductor filler 25 
216 in the grooves 226a and 226b and on the side of 
the grooves 226a and 226b beyond the upper surface 
of semiconductor filler 216. 

[0101] In the area surrounded by the gate insulating 
film 257, there is low-resistance polysilicon with an im- 30 
purity, and the polysilicon filler forms a linear gate elec- 
trode 255a in the linear groove 226a, and a ring-shaped 
gate electrode 255b in the ring-shaped groove 226b. 
[0102] In the vicinity of the surface in the base region 
233, a source region 266 of the first conductivity type is 35 
formed in a position in contact with the gate insulating 
film 257. 

[0103] The source region 266 is formed in the base 
region 233 and kept from contacting the semiconductor 
layer 212. The source region 266 has a depth shallower 40 
than that of the base region 233. 

[0104] Therefore, from the top, the gate insulating film 
257 is in contact with the source region 266, the base 
region 233, the semiconductor layer 212, and the sem- 
iconductor filler 216. 45 
[0105] An ohmic region 265 of the second conductiv- 
ity type is formed in a position between the source re- 
gions 266 in the vicinity of the surface in the base region 
233. The ohmic region 265 of the second conductivity 
type has a higher concentration than the base region 50 
233. 

[01 06] An interlayer insulating film 263 having a open- 
ing is formed on the gate electrodes 255 and above the 
semiconductor filler 216 in the guard ring portions. The 
surface of the ohmic region 265 and the surface of the 55 
source region 266 are exposed at the bottom of the 
opening of the interlayer insulating film 263. A source 
electrode film 267 is formed on the opening of the inter- 



layer insulating film 263 to be contact with the ohmic re- 
gion 265 and the source region 266. 
[0107] The source electrode film 267 is insulated by 
the interlayer insulating film 263 from the gate elec- 
trodes 255a and 255b, the semiconductor layer 212, 
and the semiconductor filler 216 in the ring-shaped 
grooves 227 ^ to 227 3 . Meanwhile, the source region 266 
and the ohmic region 265 are in ohmic contact. 
[0108] Therefore, the base region 233 is electrically 
connected with the source electrode film 267 through 
the ohmic region 265, and a voltage applied to the 
source electrode film 267 is applied to the base region 
233 and the source region 266. 

[0109] When the metal film forming the source elec- 
trode film 267 is patterned to form the source electrode 
film 267, a gate pad that is not shown is formed at the 
same time, and the gate electrodes 255a and 255b in 
the grooves 226a and 226b, respectively are connected 
to the gate pad, so that the same voltage can be applied 
at a time. 

[0110] The semiconductor layer 212 is formed on the 
surface of the semiconductor substrate 211 by epitaxial 
growth, and the semiconductor substrate 211 and the 
semiconductor layer 212 form one wafer 210. 
[0111] When the semiconductor substrate 211 is of 
the same conductivity type as that of the semiconductor 
layer 212 and in a high concentration, the semiconduc- 
tor substrate 211 and the electrode 270 formed on the 
surface thereof form an ohmic junction. In this case, the 
transistor device 201 operates as a MOSFET. Then, the 
electrode 270 formed on the back surface of the semi- 
conductor substrate 211 serves as a drain electrode. 
[0112] Assume that the first conductivity type is re- 
type, and the second conductivity type is P-type. The 
source electrode film 267 is grounded, and a positive 
voltage is applied to the electrode 270 to set the PN junc- 
tion between the base region 233 and the semiconduc- 
tor layer 212 to be in a reverse biased state. Then, when 
a positive voltage equal to or higher than the threshold 
voltage is applied to the gate electrodes 255a and 255b, 
an inversion layer of the first conductivity type is formed 
where the base region 233 is in contact with the gate 
insulating film 257. The source region 266 is connected 
to the semiconductor layer 212 by the inversion layer 
and attains a conductive state, so that current is passed. 
[0113] The inversion layer disappears and a cutoff 
state is attained once the voltage applied to the gate 
electrodes 226a and 226b is below the threshold volt- 
age. Then the current is not flow. 
[0114] In the cutoff state, reverse biased voltage is ap- 
plied between the base region 233 and the semiconduc- 
tor layer 212, and a depletion layer is expanded from 
the base region 233. When the depletion layer reaches 
the semiconductor filler 216 at the bottom of the grooves 
226a and 226b, a depletion layer starts to expand from 
the semiconductor filler 21 6 as well. The part of the sem- 
iconductor layer 212 positioned on the inner side of the 
ring-shaped groove 226b and in an equal depth to that 
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of the grooves 226a and 226b is depleted. 
[0115] If the total amount of the impurity of the first 
conductivity type contained in the part of the semicon- 
ductor layer 212 positioned on the inner side of the ring- 
shaped groove 226b and in the same depth as that of 
the grooves 226a and 226b, and the amount of the im- 
purity of the second conductivity type contained in the 
semiconductor filler 216 at the bottom of the grooves 
226a and 226b are equal, when the part positioned on 
the inner side of the ring-shaped groove 226b and as 
deep as the grooves 226a and 226b is entirely depleted, 
the semiconductor filler 216 present at the bottom of the 
grooves 226a and 226b is entirely depleted. 
[0116] In this state, the electric field at the lower po- 
sition of the base region 233 is uniform, and the break- 
down voltage in the region provided with the base region 
233 is high. 

[01 1 7] At the time, the depletion layer expands toward 
the guard ring portion positioned on the outer side of the 
grooves 226a and 226b. 

[01 1 8] The guard ring portions in the transistor device 
201 according to the invention have a semiconductor 
filler 216 of the second conductivity type filled in the plu- 
rality of ring-shaped grooves 227 1 to 227 3 at least up to 
a height equal to or higher than the surface of the sem- 
iconductor layer 212 similarly to the diode device 1. At 
least the inner or/and outer circumferences are connect- 
ed with a relay diffusion layer of the second conductivity 
type. In Figs. 20 and 22, reference numeral 252a indi- 
cates a relay diffusion layer connected to the inner cir- 
cumferential side of the innermost guard ring portion, 
while reference numeral 252b indicates a relay diffusion 
layer connected to the outer circumferential side of the 
guard ring portion, and reference numeral 252c indi- 
cates a relay diffusion layer provided on the inner cir- 
cumferential side of the guard ring portions other than 
the innermost guard ring portion. 
[0119] These relay diffusion layers 252a, 252b, and 
252c are formed at the same time when the base region 
233 is formed by diffusion, and have the same depth 
and the same concentration as those of the base region 
233. 

[0120] The relay diffusion layers 252b and 252c be- 
tween the guard ring portions are kept from contacting 
at least one of adjacent inner side and outer side of 
guard ring portions. The relay diffusion layer 252a pro- 
vided on the inner circumferential side of the innermost 
guard ring portion is kept from contacting the base re- 
gion 233. The guard ring portions between each other, 
or the guard ring portion and the base regions 233 are 
kept from short-circuiting by the relay diffusion layers 
252a, 252b, and 252c. 

[0121] In this arrangement, the depletion layer ex- 
panded toward the guard ring portion, upon reaching the 
relay diffusion layer 252a connected to the inner circum- 
ferential side of the innermost guard ring portion. The 
depletion layer starts to expand from the innermost 
guard ring portion toward both the ring inner and outer 



sides. 

[01 22] The relay diffusion layer 252b connected to the 
outer circumference of the inner side one of the two ad- 
jacent guard ring portions, and the relay diffusion layer 

5 252c connected with the inner circumferential side of the • 
outer side guard ring portion are provided adjacent to 
each other. The distance between the region of the sec- 
ond conductivity type formed by the inner guard ring por- 
tion and the relay diffusion layer 252b and the region of 

10 the second conductivity type formed by the guard ring 
portion on the outer side thereof and the relay diffusion 
layer 252c is shortest between the adjacent relay diffu- 
sion layers 252b and 252c, and is half the distance be- 
tween the semiconductor filler portions 216 forming the 

15 guard ring portions, in other words, is half the distance 
between the guard ring portions. 

[0123] Therefore, the depletion layer from the inner 
guard ring portion expands for half the distance between 
the guard ring portions to reach the outer guard ring por- 
20 tion, and then a depletion layer expands from the outer 
guard ring portion toward the guard ring portion on the 
outer side thereof. 

[0124] In this way, the depletion layers expand one 
after another from the inner guard ring portions to the 

25 outer guard ring portions, and the breakdown voltage 
increases. If the guard ring portions are provided at 
equal intervals and the total amount of the impurity of 
the second conductivity type contained in the guard ring 
portions and the total amount of the impurity of the first 

30 conductivity type contained in the semiconductor layer 
212 positioned between the guard ring portions and for 
the same depth as that of the guard ring portion from 
the surface are equal, when the semiconductor layer 
212 positioned between the guard ring portions is en- 

35 tirely depleted, the semiconductor fillers 216 in the 
guard ring portions are also entirely depleted inside, and 
the breakdown voltage more increases. 
[0125] In the above transistor device 201 , difference 
of the operation relating to difference conductivity types 

40 of the semiconductor substrate 211 will be described. 
When the semiconductor substrate 21 1 is the same con- 
ductivity type as that of the semiconductor layer 212, 
minority carriers are not injected into the semiconductor 
layer 212, and the time required for the state to change 

45 from the conductive state to the cutoff state is short. 
[0126] When the semiconductor substrate 211 is of a 
conductivity type different from that of the semiconduc- 
tor layer 212 (the second conductivity), the semiconduc- 
tor substrate 2 1 1 serves as a collector layer and the tran- 

50 sistor device 201 operates as an IGBT In this case, mi- 
nority carriers are injected into the semiconductor layer 
212 from the collector layer when the transistor device 
201 is turned on, which reduces the conduction resist- 
ance. Note, however, that the cutoff time for transition 

55 from the conduction state to the cutoff state is longer 
than that of the MOSFET because of the time required 
for the minority carriers to disappear. 
[0127] As shown in Fig. 23(a) and 23(b), a transistor 
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device 202 of SIGBT type comprised Schottky electrode 
271 formed on the surface of the semiconductor layer 
212 opposite to the surface provided with the base re- 
gion 233 and the Schottky junction is formed between 
the Schottky electrode 271 and semiconductor layer 
212, and without the semiconductor substrate 211 
where the above-mentioned transistor device 201 have, 
is also included in the present invention. When a voltage 
to reverse bias a PN junction formed between the base 
region 233 and the semiconductor layer 212 is applied, 
the Schottky junction is forward biased. Therefore, mi- 
nority carriers are injected into the semiconductor layer 
212 from the Schottky electrode 271, when the SIGBT 
typed transistor device 202 is in conductive state. 
[0128] Since the amount of the minority carriers of 
SIGBT typed transistor device is smaller than that of in 
the case of the IGBT, the conduction resistance can be 
lowered and the transition time to the cutoff state can 
be reduced as well. 

[0129] The guard ring portions in the IGBT typed tran- 
sistor device and/or the SIGBT typed transistor device 
have the same structure as that of the MOSFET, and 
the semiconductor filler 216 of the second conductivity 
type is filled in a plurality of ring-shaped grooves 227! 
to 227 3 . The relay diffusion layers denoted by reference 
numeral 252a to 252c are contacted to the semiconduc- 
tor filler 216, so that the depletion layer expanded from 
an inner guard ring portion to an outer guard ring portion 
can easily contact them. 

[0130] Consequently, as described present invention, 
electric field concentration can be avoided, and a high 
breakdown voltage semiconductor device can be pro- 
vided. 



Claims 

1. A diode device, comprising: 

a semiconductor layer of a first conductivity 
type having a plurality of holes, said holes in- 
cluding ring-shaped holes and main holes pro- 
vided in an inner circumference of the ring- 
shaped holes; 

a filler made of a semiconductor of a second 
conductivity type filled within said holes; and 
an electrode film of a material forming a 
Schottky junction with said semiconductor layer 
and an ohmic junction with said filler, wherein 
among said ring-shaped holes, concentrically 
provided ring-shaped holes and the filler filled 
within these holes form a plurality of guard ring 
portions, 

the main holes provided in the inner circumfer- 
ence of the innermost ring-shaped holes and 
the filler filled within these main holes form with- 
standing voltage portions, 
said electrode film is at least in contact with a 



surface of the semiconductor layer positioned 
in the inner circumference of the ring of the in- 
nermost guard ring portion and a surface of the 
filler in the withstanding voltage portions, and 
5 a relay diffusion layer of second conductivity 

type in a depth shallower than a bottom of the 
ring-shaped holes formed at the surface within 
the semiconductor layer positioned between 
said guard ring portions, said relay diffusion lay- 
10 er is not in contact with at least one of the two 

guard ring portions adjacent to each other. 

2. The diode device according to claim 1, wherein 

said relay diffusion layer in a width-wise direc- 
15 tion of the ring of said guard ring portion is shorter 
than a distance between said guard ring portions 
adjacent to each other. 

3. The diode device according to claim 1, wherein 

2 o said electrode film is provided in contact with 

an innermost guard ring portion among said guard 
ring portions. 

4. The diode device according to claim 1, wherein 

25 said electrode film is kept from contacting an 

innermost guard ring portion among said guard ring 
portions. 

5. The diode device according to claim 1, wherein 

30 said relay diffusion layer is provided in contact 

with one of the inner circumference and the outer 
circumference of the ring of said guard ring portion. 

6. The diode device according to claim 1, wherein 

35 said relay diffusion layer is kept from contact- 

ing said guard ring portions. 

7. The diode device according to claim 1, wherein 

said ring-shaped holes include other concen- 
40 trie holes other than those comprising said guard 
ring portions and positioned between an innermost 
guard ring portion among said guard ring portions 
and said withstanding voltage portions, 

said other concentric hole and a filler filling 
45 within the other concentric hole form an intermedi- 
ate ring portion, and 

an insulating film is provided between the 
electrode film and the semiconductor layer posi- 
tioned between said two intermediate ring portions 
so adjacent to each other. 

8. The diode device according to claim 7, wherein 

said electrode film has its end extended at 
least to lie over said innermost guard ring portion. 

55 

9. A transistor device, comprising: 

a semiconductor layer of a first conductivity 
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type having a plurality of ring-shaped holes pro- 
vided concentrically at one surface of said sem- 
iconductor layer and filled with a semiconductor 
filler of a second conductivity type; 
a base region of the second conductivity type 
provided in the vicinity of said one surface in 
said semiconductor layer and in an inner cir- 
cumferential region of an innermost ring- 
shaped hole among the plurality of ring-shaped 
holes; 

a source region of the first conductivity type 
provided in said base region; 
a gate insulating film provided in contact with 
said base region; and 

a gate electrode provided in contact with said 
gate insulating film, wherein 
said plurality of ring-shaped holes and said 
semiconductor filler of the second conductivity 
type filling said ring-shaped holes form a plu- 
rality of guard ring portions, 
each of said guard ring portions is kept from 
contacting said base region, and 
a relay diffusion layer of the second conductiv- 
ity type in a depth shallower than a bottom of 
said ring-shaped hole is provided between said 
ring-shaped holes adjacent to each other and 
at the surface within said semiconductor layer, 
and kept from contacting at least one of said 
ring-shaped holes adjacent to each other. 

10. The transistor device according to claim 9, wherein 

said relay diffusion layer is provided between 
said innermost ring-shaped hole and said base re- 
gion and kept from contacting at least one of said 
innermost ring-shaped hole and said base region. 

11. The transistor device according to claim 9, further 
comprising, 

an ohmic layer of the same conductivity type 
as that of said semiconductor layer and having a 
higher concentration than that of said semiconduc- 
tor layer provided at a surface of said semiconduc- 
tor layer opposite to the surface provided with said 
base region, and 

a drain electrode film forming an ohmic junc- 
tion with said ohmic layer provided at a surface of 
said ohmic layer. 

12. The transistor device according to claim 9, further 
comprising, 

a collector layer of a conductivity type different 
from that of said semiconductor layer provided at a 
surface of said semiconductor layer opposite to the 
surface provided with said base region, and 

a collector electrode film forming an ohmic 
junction with said collector layer provided at a sur- 
face of said collector layer. 



13. The transistor device according to claim 9, further 
comprising, 

a Schottky electrode film forming a Schottky 
junction with said semiconductor layer provided at 

5 a surface of said semiconductor layer opposite to 

the surface provided with said base region, said 
Schottky junction being forward biased with a volt- 
age of a polarity that reverse biases a PN junction 
formed between said semiconductor layer and said 

10 base region. 
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